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DETECTION OF COUPLING ELEMENTS IN CESR *

D. Sagan
Wilson Laboratory, Cornell University, Ithaca NY, 14853, USA
Abstract C(s) is a measure of the coupling;@ = 0thenV =1

At the Cornell Electron/positron Storage Ring CESR, thvg\de 'S d'ecoupled. Insjtead of workmg witd, t@ugh, It
. . i5, convenient to work with the normalized matKx given

measurement of the coupling between the horizontal and

vertical beam motions has led to the ability to locate the C_c.cg! ©)

position of a coupler and to calculate its strength. Once the e b

identity of a coupler is known, steps can be taken to remowghereG, andG, are normalization matrices for tlaeand

it or to nullify its effect. This coupling analysis can also beb normal modes respectively given by

used to calibrate correction skew quadrupoles.

1
1 INTRODUCTION G:(ﬁ ﬂ) (6)
NE

In a storage ring, the presence of couplers, which couple — . ) )
the horizontal and vertical motions of a beam, can lead At CESR, C is measured by observing the horizontal

to an increase in the vertical beam size with an attendaﬂ?d vertical oscillation of the beam at the detectors in the
ring while shaking the beam at a betatron resonance[2]. In

loss in luminosity[1]. In order to be able to keep the cou- .
VU] P rder to be able to extract the strength and location of cou-

pling under control, a technique for measuring the couplir(n%_ | he d - K h
has been developed at the Cornell Electron/positron Stdt?"9 € ements irom ihe data, it Is necessary to know how

age Ring CESR[2]. This involves shaking the beam at the changes across a coupler, and howpropagates in a
betatron resonant frequencies and measuring the respof@¥0n where there are no coupling elements.

at the 100 or so detectors in the ring. In order to be able to — Lo

find unwanted sources of coupling, an analysis program has2 ~ C Variation

been developed that can locate isolated coupling elementshere are no couplers in a local region then the variation
This analysis is presented below[3] and is analogous to th¢ C is given by[4]

technique of using orbit data to find isolated steering kicks.

As an added benefit, the analysis can also be used to cali- C(s) = AS(¢o — ¢+ (s)) + kR0 + ¢_(s)), (7)

brate the strength of skew quadrupoles. _
wherel, ¢y, k, andf, are constant®R andS are rotation

and “anti-rotation” matrices of the form

2 ANALYSIS
. . . [ cosf sinf
2.1 How the Coupling is Defined R(0) = <_Sin9 Cosg> : (®)
Any longitudinal oscillations are ignored and, followingand
Sagan and Rubin[4], thex 4 1-turn transfer matrid(s) cosd  sine
is written in normal mode form S(¢) = < sng — cos¢) ; %)
T=VUV, (1) Withthe sum and difference phase advances being
where the normal mode matrl¥ is of the form ¢+ =¢a+ ¢, and
O— = da — b (10)
U— A 0 @ o
~\o0 B)’ To compute the change ® across a coupler, it is as-
sumed that the coupling is small so that terms second order
andV is of the form in C (or C) may be neglected. Thus, from Eq. (4), to first
a1 C order in the coupling
v-(% 9) @ =1, a1

Using this, and Egs. (1), (2), and (3), gives to first order
with “+” denoting the symplectic conjugate. Sind&is

required to be symplectig, andC are related by _ A CB-AC
T=\{Bct-cra B - (12
2
+ ||C]| =1. 4 . .
7 1cll @) Eqg. (12) shows that the on—diagorzak 2 submatrices of
*Work supported by the National Science Foundation T are unaffected by the coupling. Thus, to first order, the
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eigenmode betag, andj3, and the eigenmode phases, 1, component. Extending the analysis to the other com-
and ¢, are equal to what would be calculated if the couponents is a trivial matter. From Eq. (7), the general solu-

pling is absent. tion for C';» can be written as
Couplers are modeled as thin skew quadrupoles. The Yo Sin () + Cu cos d_(s) +
4 x 4 transfer matriXT'.,,;,, for a coupler is then el Aa SiN @ (8) + pa cosPy(s) s < sp
) 2(5) =1 3y sin6_(s) + Gy cos o (s) +
_ —-qa Ap sing4(s) + pp cosp(s) s>s
Ton= (2 ). (13) +() o) >
The procedure for locating a coupler is as follows: Given
where a putative coupler location, two regions are chosen. One
q= ( 0 0) ’ (14) region, labeled “A’, is chosen to be just before the coupler.
o 0 The other region, labeled “B”, is chosen to be just after the

with &g being the strength of the coupler. The 1—turn matrigOUPler (See the example at the end of the paper). Since
Ty, located at a point just after a coupler, is related t&he betatron phase is, to first order, independent of the cou-

the 1—turn matrixT,_, located at a point just before the Pling, the phase is taken to be equal to the phase in the
coupler, via design lattice. With this, the sine and cosine functions in

Eqg. (21) may be evaluated and then a least squares fit can
To+ = Teoup To- Tophip- (15) be usedto determing, (., A, andp, using the data from
the A region. Similarly,ys, (, s, andp, are obtained

Multiplying out Eq. (15), and comparing with Eq. (12), from a least squares fit using the data from the B region.

gives, to first order, and with the help of Eq. (5) The inhomogeneous part of the solution is now obtained
from Eg. (21) by subtracting out the homogeneous part to
Cor =Co- — 71, (16) give
0 s < 8o
where Ciz = { Yoa SIN G () + Cpa cOS P (s) +
= ( 07 0) 7 (17) Apa SIN @O (8) + ppa OSP4 (8) 5> 50
0g 0 (22)
with with
6G = \/Ba s 0q. (18) Yoa =6~ Yar  Cba = Gb — Cas
Aoa = Ab = Aas  Poa = Pb — Pa- (23)
2.3 Isolated Coupler Analysis The phase at the coupler is found by comparing Eg. (20)

Given a coupler of interest at some pospt it is assumed with Eq. (22)
that the coupler is “isolated” so that it is the only coupler in tan ¢ (s0) = Aba and
some local region. Since we have linearized the problem, 120 Poa

the general solution fo€ is the sum of a homogeneous tan é_(so) = Yba (24)
partCy, plus an inhomogeneous p&et 0 Cba
_ _ _ There are multiple solutions to Egs. (24) spaeedpart.
C(s) = Cn(s) + Ci(s)- (19)  However, valid solutions must have the correspondipg

) i ) and ¢, (from Eq. (10)) corresponding to a location some-
The homogeneous part is the solution when there is no CAlYhere between the A and B regions.
pler and is given by Eq. (7). The inhomogeneous partis the 1,4 magnitude of the coupler is given by comparing
solution with the coupler and with some boundary condiEq (20) to (22)
tion which we are free to choose. This boundary condition T
will be chosen to b&€(s) = 0 for s < so. From Egs. (7) 5(] = —Xpa SN ¢4 (S0) — pra OSP4 (s0), or

and (16), the inhomogeneous solution is ol
q

0 s < sg 5 = Yeasin ¢—(50) + Cpa cOS P (50)- (25)
Cils) = %(l {R(% +¢-(s) — ¢>—(So)) - Changes in amplitudes for tie andS components of',
’ - may be defined b
S(§ —¢4(s) + ¢+(So))} 5> S0 y 2 /\z L r 2 | 2 26)
(20) s,ba = ba T Pha> rba = Vba + Cpa-

__At CESR, the coupling measurement can measure thssing this, Egs. (25) may be putin a more transparent form
C11, C12, andCs components ofC. For various techni- _

cal reasons, the errors in tid& , data are less than the er- 104] = 245,00 = 241 pa- (27)

rors present in the measurement of the other componenihie disadvantage of Egs. (27), as opposed to Egs. (25), is
Therefore, the following analysis will consider only thethat the sign ofq is lost.
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2.4 Error analysis 04r !

ta) A ; ‘\ B [0
Even with a good fit to the data, the analysis can be off if o.2 w‘ | ﬁ‘
there is more than one coupler between the A and B re ' : \f\ r L-ﬁ

’
Lo | .*\‘.
gions. From Egs. (27), if there is only one coupler, thenQ ot ﬂ A /\‘ "
Ag pa = Arpa. Afigure of merityp4 can thus be defined | & \ \X KJ \J\ | ,’ X\ ‘
10020 | A Y\. LM L | AW vﬂ“
RL I R

by

YBA = ‘As,ba - Ar,ba'

_0_4r“‘¥“‘¥i““““‘
(28) 0 20 40 60 80 100

Detector Index
.. . . . 0.4
The condition for a good fit with only one coupler is then t b) |

As,ba + Ar,ba ’

02}
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The coupling analysis presented above can be used for find-

ing unwanted sources of coupling, and for calibrating skew 0 20 ;:)é?e(;to; Igéilgx‘ T80 100
quadrupole magnets. Figure 1 shows how coupling data is , !
analyzed. In CESR, there are approximately 100 detectors, [ «c) ;
numbered from 0 to 99. Th€;, data shown in figure 1a & ¢
is the difference between two coupling measurements ob® it 3 /‘j
tained while varying a skew quadrupole placed between deg Jv\f'\_ . f\m i ~ ‘
tectors 48 and 49. The A region was chosen to be betwee@
detectors 20 and 48 and the B region was chosen to be bf{,:-o.z'
tween detectors 50 and 80. Figure 1b shows(the data [
with the fit to the A region subtracted off. Thereisagoodfit 4L i ]
to the data as evidenced by the fact that the plot is near zero ~ ° 20 D“eﬂector |n§%X 80 100
within the A region. The general location of the coupler can

be located by eye by noting where, just to the right of the Asigure 1: Coupling data. The A and B fit regions are in-
region, the data becomes significantly nonzero. Figure kcated by the boxes. a) Data obtained by varying a skew
shows the data with the B region fit subtracted off. Againguadrupole. b) The data with the A region fit subtracted

there is a good fit to the data. Table 1 shows the valugs, c) The data with the B region fit subtracted off.
of the fitted parameters. From these values, and Egs. (10),

(24) and (25), it is found that there is a single valid solution
given by, = 31.86, ¢, = 29.70, anddg = 0.14 with 4 ACKNOWLEDGEMENTS

x84 = 0.09. This verifies the location of the coupler andMy thanks to Dave Rubin and for useful discussions and to

gives the magnitude of the kick. ) the rest of the CESR operations group for their support.
In the above example, the A and B regions could be cho-

sen a priori since the location of the coupler was known

before hand. When the location is not initially known, the 5 REFERENCES

regions can be chosen through trial and error just by lookt] D. Sagan, “The Effect of Coupling on Luminosity Perfor-
ing at the plotted results until a good fit is obtained. If the mance,” Proc. 1995 Part. Acc. Conf. (San Francisco) p. 3382,
space between the A and B regions is too wide, Egs. (24) (1995).

will have multiple solutions. However, since the solutiong2] P. Bagley and D. Rubin, “Correction of Transverse Coupling
are spaced apart in phase (and hence are some distancein a Storage Ring,” Proc. 1989 Part. Acc. Conf. (San Fran-
apart), it is normally a simple matter to be able to select cisco) p. 874, (1989).

xBa < 1. (29)

3 EXAMPLE

C,, (Data - A Fit)

e e e y’

the correct solution. [3] An expanded version of this paper will be published in the
PAC99 special Edition of the on—line journal Phys. Rev. Spe-
Region A P ~y ¢ cial Topics — Acc. and Beams (PRST-AB).
A -0.008| 0.114] -0.195] -0.186 [4] D. Sagan and D. Rubin, “Propagation of Twiss and Coupling
B 0.057| 0.093]| -0.128| -0.231 Parameters,” Cornell CBN 96-20 (1996). Can be obtained
B—-A | 0.065| -0.021| 0.067| -0.045 from the web at: http://w4.Ins.cornell.edu/public/CBN/

Table 1: Fitted parametess p, v, and(¢.
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